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L. ABSTRACT 

A micropump includes a body (10) of semiconductor material, 
accommodating fluid-tight chambers (32), having an internal 
preset pressure, lower than atmospheric pressure. The fluid- 
tight chambers (32), sealed by a diaphragm (35) that can be 
electrically opened, are selectively openable using a first 
electrode (37) and second electrodes (38), accommodating 
between them portions of the diaphragm (35) . 
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DESCRIPTION 
OF the patent for industrial invention 
Of STMICROELECTRONICS S.r.l. 

Of Italian nationality, 

with head office address at 20041 AGRATE BRIANZA (MILANO) - Via C. 
Olivetti, 2 

Inventor: SCURATI Mario 

17th SEP 2002 *** *** *** T02002A000809 

The present invention relates to a micropump. In particular, 
the invention can be advantageously used for an integrated 
device for DNA analysis. 

As is known, the procedures that are currently used for 
reading segments of DNA involve the execution of various 
operations starting from specimens of raw biological material, 
for example, blood. 

In particular, the specimen must initially be purified by 
mechanical filtration or electrostatically so as to eliminate 
all the non-nucleated cells, which are not useful for DNA 
analysis. Then, the nuclei of the cells remained in the 
purified specimen are broken up using a chemical or a thermal 
process in order to be able to take the segments of DNA to be 
analyzed (lysis of the nuclei). Next, the strands that make up 
the molecules of DNA are separated from one another by thermal 
cycling, or else by biochemical processes. Using a polymerase- 
chain-reaction (PCR) process, the specimens are then 
amplified, i.e., the DNA segments are multiplied and separated 
again into individual strands, which finally undergo analysis. 
In this step, the specimen containing the amplified and 
separated strands is made to flow on a detection device, which 
comprises a plurality of detectors made up of individual pre- 
selected strands of the type that are to be detected and are 
anchored on electrodes. If DNA strands that are complementary 
to the strands of the detectors are present, stable bonds are 
formed between them (hybridization) . The hybridized detectors 
can be read by observation under the microscope or else 
electronically. 

Of course, to carry out DNA reading, the biological material 
specimen must be transferred between various devices or 
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treatment stations, each of which carries out a specific step 
of the process described above. In particular, once a fluid 
connection has been provided, preset volumes of the specimen 
and/or reagent species have to be advanced from one treatment 
5 station to the next. 

To this aim, various types of micropumps are used, which 
present, however, a number of drawbacks. For example, in the 
most commonly used micropumps, a membrane is electrically 

10 driven so as to suction a liquid in a chamber and then expel 
it. Inlet and outlet valves ensure a one-way flow. Membrane 
micropumps suffer, however, from the fact that they present 
poor tightness. In addition, the microfluid valves, which are 
themselves a cause of leakage and, moreover, are easily 

15 obstructed, render this defect even more serious. 
Consequently, it is necessary to process a conspicuous amount 
of specimen fluid, since a non-negligible part thereof is 
lost. In practice, it is necessary to have available several 
milliliters of specimen fluid in order to obtain a significant 

20 analysis. The use of large amounts of specimen fluid is 
disadvantageous both on account of the cost and because the 
processing times, in particular the duration of the thermal 
cycles, are much longer. In any case, imperfect tightness is 
clearly disadvantageous in the majority of applications and 

25 not only in DNA analysis equipments. 

Other types of pumps, instead, such as servo-assisted piston 
pumps or manually operated pumps, present better qualities of 
tightness, but currently are not integratable on a micrometric 
30 scale. 

Further common defects in known micropumps are represented by 
direct contact with the specimen undergoing analysis, which 
may give rise to unforeseeable chemical reactions, and high 
35 energy consumption. 
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The aim of the present invention is to provide a micropump 
free from the drawbacks described above. 

According to the present invention, a micropump is provided, 
5 as defined in claim 1. 

For a better understanding of the present invention, there are 
now described some embodiments thereof, purely by way of non- 
limiting example, and with reference to the attached drawings, 
10 wherein: 

- Figure 1 is a three-quarter top perspective view of an 
integrated device incorporating a micropump according to a 
first embodiment of the invention; 

- Figure 2 is a top plan view of the device of Figure 1; 

15 - Figure 3 is a cross-section through the device of Figure 1, 
taken according to line III-III of Figure 2; 

- Figure 4 is a top plan view of the device of Figure 1, 
sectioned along line IV-IV of Figure 3; 

- Figure 5 is an enlarged scale view of the micropump of 
20 Figures 1 to 3; 

- Figure 6 is a bottom view of the micropump illustrated in 
Figure 5, sectioned along line VI-VI of Figure 5; 

- Figure 7 is a simplified circuit diagram of the micropump of 
Figure 1; 

25 - Figure 8 is a partial bottom view of a micropump according 
to a second embodiment of the present invention, in which some 
parts have been removed, for clarity; 

- Figure 9 is a simplified circuit diagram of the micropump of 
Figure 8; 

30 - Figure 10 is a cross-section of a micropump according to a 
third embodiment of the present invention; 

- Figure 11 is a bottom view of the micropump of Figure 10; 

- Figure 12 is a simplified circuit diagram of the micropump 
of Figure 11; and 

35 - Figures 13 to 20 are cross-sections through a semiconductor 
wafer in successive steps of a process for manufacturing a 
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second part of the device according to the present invention. 

The invention can be advantageously used in numerous of 
fields, whenever it is necessary to move a fluid through 
5 microfluid connections. Hereinafter, reference will be made to 
DNA analysis devices, without this, however, limiting thereby 
the scope of the invention. 

As illustrated in Figure 1, an integrated device for DNA 
10 analysis (Lab-On-Chip) , designated, as a whole, by the 
reference number 1, comprises a microreactor 2 and a micropump 
3. The microreactor 2 is carried on a printed-circuit board 
(PCB) 5 equipped with an interface 6 for connection to a 
driving and reading device (of a known type and not 
15 illustrated herein) . In particular, input/output pins 7 of the 
microreactor 2 and of the micropump 3 are provided on the 
interface 6. 

The microreactor 2 has a specimen tank 8 and a plurality of 
20 reagent tanks 9 (two, in the example illustrated) , which are 
open on one face 2a opposite to the PCB base 5 and accessible 
from outside. The micropump 3 is hermetically seal-welded on 
the microreactor 2 (see also Figure 2) . 

25 With reference to Figures 3 and 4, the microreactor 2 
comprises a first body 10 of semiconductor material, for 
instance, monocrystalline silicon, and, on top thereof, a 
first and a second base 11, 12 of silicon dioxide, and a 
containment structure 13 of polymeric material, for example 

30 SU-8. In turn, the containment structure 13 is coated with a 
protective plate 14, which is open at the specimen tank 8 and 
the reagent tanks 9. The protective plate 14 is made using a 
transparent material coated with a conductive film 14 ', also 
transparent, for example, indium-tin oxide ITO. Alternatively, 

35 the protective plate 14 is of conductive glass. A hydraulic 
circuit 15 is defined inside the containment structure 13 and 
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the first body 10. In greater detail, a pre-treatment channel 

17, delimited laterally by the containment structure 13, at 
the top by the protective plate 14, and at the bottom by the 
first base 11, extends from the specimen tank 8, in the 

5 direction opposite to the micropump 3, substantially 
rectilinearly . Reagent channels 18 of preset length each 
connect a respective reagent tank 9 to the pre-treatment 
channel 17. Furthermore, at the outlet of the reagent channels 

18, respective mixing chambers 20 are defined. One end 17a of 
10 the pre-treatment channel 17, opposite to the specimen tank 8, 

is connected to an amplification channel 21, which is buried 
in the first body 10. In particular, the amplification channel 
21 extends into the first body 10 underneath the pre-treatment 
channel 17 and gives out into a detection chamber 24 formed in 

15 the containment structure 13 above the second base 12. A 
suction channel 26, which is also buried in the first body 10 
and has an inlet into the detection chamber 24, extends 
underneath the micropump 3, and is connected via chimneys 23, 
as explained in greater detail hereinafter. In practice, the 

20 pre-treatment channel 17, the amplification channel 21, the 
detection chamber 24, and the suction channel 26 form a single 
duct through which a specimen of biological material to be 
analyzed is made to flow. 

25 Stations for processing and analysis of the fluid are arranged 
along the pre-treatment channel 17 and the amplification 
channel 21; in proximity thereof sensors are provided for 
detecting the presence of fluid 22 and controlling advance of 
the specimen to be analyzed. In detail, two dielectrophoresis 

30 cells 25 are located in the pre-treatment channel 17 
immediately downstream of the specimen tank 8 and, 
respectively, between the mixing chambers 20. The 
dielectrophoresis cells 25 comprise respective grids of 
electrodes 27 arranged above the first base 11 and forming 

35 electrostatic cages with respectively facing portions of the 
protective plate 14. The grid of electrodes 27 are 
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electrically connected to a control device (of a known type 
and not illustrated) through connection lines (not illustrated 
either) and enable electric fields to be set up having an 
intensity and direction that are controllable inside the 
5 dielectrophoresis cells 25. 

A heater. 28 is arranged on the first body 10 above the 
amplification channel 21, is embedded in the first base 11 of 
silicon dioxide and enables heating of the amplification 
channel 21 for carrying out thermal PGR processes (see also 
10 Figure 4) . 

Located downstream of the amplification channel 21 is the 
detection chamber 24 , which, as mentioned previously, is 
formed in the containment structure 13 and is delimited at the 

15 bottom by the second base 12 and at the top by the protective 
plate 14. An array of detectors 30, here of the cantilever 
type, is arranged on the second base 12 and can be read 
electronically. In addition, a CMOS sensor 31, associated to 
the detectors 30 and illustrated only schematically in Figure 

20 3, is provided in the first body 10 underneath the detection 
chamber 24. In practice, then, a CMOS sensor 31 is connected 
directly to the detectors 30 without interposition of 
connection lines of significant length. 

The suction channel 26 extends from the detection chamber 24 
25 underneath the micropump 3, and is connected to the latter by 
the chimneys 23. 

The micropump 3, which for convenience is illustrated in 
Figure 3 in a simplified way, is shown in detail in Figure 5. 
The micropump 3 comprises a second body 33 of semiconductor 

30 material, for example silicon, accommodating a plurality of 
fluid-tight chambers 32. In greater detail, the fluid-tight 
chambers 32 have a prismatic shape, extend parallel to each 
other and to a face 34a of the second body 33, and have 
predetermined dimensions, as will be clarified hereinafter. In 

35 addition, the fluid-tight chambers 32 are sealed by a 
diaphragm 35 of silicon dioxide, which closes respective 
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inlets 36 of the fluid-tight chambers 32 so as to maintain a 
preset pressure value, considerably lower than atmospheric 
pressure (for example, 100 mtorr) . Preferably, the diaphragm 
35 has a thickness of not more than 1 |iim. 
5 As illustrated in Figures 3 and 5, the inlets 36 of the fluid- 
tight chambers 32 are aligned to respective, chimneys 23 so as 
to be set in fluid connection with the suction channel 26 once 
the diaphragm 35 has been broken. Furthermore, since the 
micropump 3 is hermetically bonded to the microreactor 2, the 
10 fluid-tight chambers 32 can be connected with the outside 
world only through the duct formed by the suction channel 2 6, 
the amplification channel 21, the pre-treatment channel 17, 
and the reagent channels 18, 

The micropump 3 is then provided with electrodes for opening 

15 the fluid-tight chambers 32. In particular, a first activation 
electrode 37 is embedded in the diaphragm 35 and extends in a 
transverse direction with respect to the fluid-tight chambers 
32 near the inlets 36 (see also Figure 6) . In greater detail, 
the first activation electrode 37 is perforated at the inlets 

20 36 so as not to obstruct the latter. Second activation 
electrodes 38 are arranged on a face of the diaphragm 35 
opposite to the first activation electrode 37 and extend 
substantially parallel to the fluid-tight chambers 32. In 
addition, each second electrode 38 is superimposed to a first 

25 electrode 37 at the inlet 36 of a respective fluid-tight 
chamber 32, thus forming a plurality of capacitors 40 having 
respective portions of the diaphragm 35 as dielectric. 
Figure 7 illustrates a simplified electrical diagram of the 
micropump 3 and of a control circuit 41. In practice, the 

30 first activation electrode 37 may be connected, via a switch 
42, to a first voltage source 43, supplying a first voltage 
Vi. Through a selector 44, the second activation electrodes 38 
can be selectively connected to a second voltage source 45, 
which supplies a second voltage V 2 , preferably, of opposite 

35 sign to the first voltage Vi . In this way, it is possible to 
select each time one of the capacitors 40 and to apply to its 
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terminals a voltage equal to V a - V 2 higher than the breakdown 
voltage of the diaphragm 35, which functions as a dielectric. 
Consequently, the corresponding fluid-tight chamber 32 is 
selectively opened and set in fluid connection with the 
5 suction channel 26. 

At the start of the DNA analysis process, a (fluid) specimen 
of raw biological material is introduced inside the specimen 
tank 8, while the reagent tanks 9 are filled with respective 
chemical species necessary for the preparation of the 

10 specimen, for instance, for subsequent steps of lysis of the 
nuclei. In this situation, the inflow of the air from the 
outside environment towards the inside of the pre-treatment 
channel 17, the reagent channels 18, and the amplification 
channel 21 is prevented. 

15 Next, the micropump 3 is operated by breaking the portion of 
the diaphragm 35 that seals one of the fluid-tight chambers 
32. In practice, by opening the vacuum cell 32, a negative 
pressure is created and then, after the air present has been 
suctioned out, the specimen and the reagents previously 

20 introduced into the tanks 8, 9 are suctioned along the duct 
formed by the pre-treatment channel 17, the reagent channels 
18, the amplification channel 21, the detection chamber 24, 
and the suction channel 26. The moved fluid mass and the 
covered distance depend upon the pressure value present in the 

25 fluid-tight chamber 32 before opening and upon the dimensions 
of the fluid-tight chamber 32. In practice, the first vacuum 
cell 32 that is opened is sized so that the specimen will 
advance up to the dielectrophoresis cell 25 arranged at the 
inlet of the pre-treatment channel 17, and the reagents will 

30 advance by preset distances along the respective reagent 
channels . 

After a first dielectrophoretic treatment has been carried 
out, the other fluid-tight chambers 32 of the pump 3 are 
opened in succession at preset instants so as to cause the 
35 specimen to advance first along the pre-treatment channel 17 
and then along the amplification channel 21 up to the 
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detection chamber 24. In practice, therefore, the micropump 3 
is used as a suction pump that can be operated according to 
discrete steps. The specimen, whose advance is controlled also 
by the presence sensors 22, is prepared in the pre- treatment 
5 channel 17 (separation of the reject material in the 
dielectrophoresis cells 25 and lysis of the nuclei in the 
mixing chambers 20), and in the amplification channel 21, 
where a PCR treatment is carried out. Then, in the detection 
chamber 24, hybridization of the detectors 30 takes place, and 

10 the latter are then read by the CMOS sensor 31. 

According to a different embodiment of the invention, 
illustrated in Figures 8 and 9, a micropump 3' comprises 
fluid-tight chambers 32' arranged in rows and columns so as to 
from a matrix array. In this case, the micropump 3' comprises 

15 as many first activation electrodes 37' as are the matrix 
rows, and as many second activation electrodes 38' as are the 
matrix columns. Capacitors 40', having as a dielectric 
respective portions of a diaphragm 40' , which seals the fluid- 
tight chambers 32', are formed in the regions where the first 

20 activation electrodes 37' and the second activation electrodes 
38' cross over one another. Furthermore, a control circuit 
41', integrated on the micropump 3', comprises a row selector 
42', for selectively connecting one of the first electrodes 
37' to a first voltage source 43', and a column selector 43', 

25 for selectively connecting one of the second electrodes 38' to 
a second voltage source 45' . 

According to a further variant, illustrated in Figures 10 and 
11, a micropump 3" comprises a body 33" accommodating fluid- 

30 tight chambers 32". In this case, each fluid-tight chamber 32" 
has an inlet 36", directly sealed by a respective aluminum 
electrode 37". In practice, then, the electrodes 32" form 
conductive diaphragms, which close respective fluid-tight 
chambers 32". In addition, near the fluid-tight chambers 32", 

35 the electrodes 37" narrow and have preferential melting 
points. Consequently, when a current source 43", which can be 
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selectively connected to one of the electrodes 37" through a 
selector 42" (see Figure 12), injects a preset current I 
higher than a melting threshold, the preferential melting 
points of the electrodes 37" yield first, opening the 
5 corresponding fluid- tight chambers 32" (in Figure 12, the 
electrodes 37" are represented by symbols for resistors) . 

The integrated device according to the invention has numerous 
advantages . 

10 First, the micropump can be easily connected in a fluid-tight 
way to a hydraulic circuit, as for the duct formed in the 
microreactor described above. In addition, there is no need of 
valves since the micropump by itself is able to move the fluid 
in the hydraulic circuit, causing it to advance in a single 

15 direction. In this way, all the leakages of specimen fluid, 
which afflict traditional micropumps and which are normally 
due to imperfect fluid tightness and/or to evaporation, are 
eliminated. In particular, in case of DNA analysis equipments, 
minimal amounts of raw biological material are sufficient, 

20 i.e., of the order of microlitres or even nanolitres. Clearly, 
the use of smaller amounts of specimen fluid has the advantage 
of reducing both costs and treatment time (shorter thermal 
cycles) . Further advantages are the absence of any direct 
contact between the micropump and the fluid, which rules out 

25 any risk of unforeseeable chemical reactions, the absence of 
moving parts, and the low energy consumption. 

In addition the micropump can be built in a simple way and at 
a low cost, following, for example, the process illustrated 
30 hereinafter with reference to Figures 13 to 20. 

On a semiconductor wafer 60 having a substrate 61, a hard mask 

62 is initially formed, and comprises a silicon dioxide layer 

63 and a silicon nitride layer 64. The hard mask 62 has groups 
of slits 65, substantially rectilinear and parallel to each 

35 other. The substrate 61 is then etched using tetramethyl 
ammonium hydroxide (TMA) and the fluid- tight chambers 32 are 
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dug through respective groups of slits 65. 

Next (see Figure 14), a polysilicon layer 68 is deposited, 
which coats the surface of the hard mask 62 and the walls 32a 
of the fluid-tight chambers 32. In addition, the polysilicon 
5 layer 68 incorporates portions 62a of the hard mask 62, 
suspended after forming the fluid-tight chambers 32. The 
polysilicon layer 68 is then thermally oxidized (see Figure 

15) so as to form a silicon dioxide layer 70, which grows also 
outwards and closes the slits 65. 

10 

After depositing a germ layer 71 of polysilicon (see Figure 

16) , an epitaxial layer 72 is grown and thermally oxidized on 
the surface so as to form an insulating layer 74 (see Figure 

17) . On top of the insulating layer 74, a strip of aluminum is 
15 then deposited and forms the first activation electrode 37. 

Then, an STS etch is performed. As illustrated in Figure 18, 
in this step the first activation electrode 37, the insulating 
layer 74, the epitaxial layer 72 and the hard mask 62 are 
20 perforated, and the inlets 36 of the fluid-tight chambers 32 
are defined and thus re-opened. 

By depositing silicon dioxide at controlled pressure lower 
than atmospheric pressure (for example, 100 mtorr) , the 
25 diaphragm 35 is then formed, thus incorporating the first 
activation electrode 37 and sealing the fluid-tight chambers 
32 (see Figure 19) . Consequently, inside the fluid-tight 
chambers 32, the pressure imposed during deposition of the 
diaphragm 35 is maintained. 

30 

Next, by further depositing aluminum, the second activation 
electrodes 38 are formed, and a protective resist layer 75 is 
then formed, which is open above the second activation 
electrodes 38 (see Figure 20) . 

35 

Finally, the semiconductor wafer 60 is cut so as to obtain a 
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plurality of dice, each containing a micropump 3, bonded to a 
respective microreactor 2. Thereby, the structure illustrated 
in Figures 3 and 5 is obtained, 

5 Alternatively, after forming the epitaxial layer and the 
insulation layer, the electrodes 37" are deposited, having 
defined preferential melting points. Then a protective resist 
layer 75" is deposited, leaving exposed the preferential 
breakdown points, and the micropump 3" illustrated 

10 schematically in Figure 10 is obtained. 

Finally, it is clear that modifications may be made to the 
micropump described herein, without departing from the scope 
of the present invention. 

First, the micropump could be of the force-pump type instead 
15 of a suction-pump type. In this case, the pressure inside the 
fluid-tight chambers is higher than the operating pressure of 
the environment in which the micropump is to be used. 

In addition, the micropump may comprise a different number of 

20 fluid-tight chambers according to the number of steps required 

by the treatment. The fluid-tight chambers may differ also as 

regards their shape, dimensions, and arrangement. 

CLAIMS 

1. A micropump, comprising a body (33; 33") of semiconductor 
25 material, characterized by a plurality of fluid-tight chambers 

(32; 32'; 32"), selectively openable, formed within said body 
(33; 33') and having a preset internal pressure. 

2. The micropump according to claim 1, characterized in that 
30 said fluid-tight chambers (32; 32'; 32") are sealed by at 

least one diaphragm (35; 35'; 37"), openable electrically. 

3. The micropump according to claim 2, characterized in that 
said diaphragm (35; 35') is a dielectric material layer. 

35 

4. The micropump according to claim 3, characterized in that 
said diaphragm (35; 35') is of silicon dioxide. 
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5. The micropump according to claim 3 or 4, characterized in 
that said diaphragm (35; 35' ) has a thickness not greater than 
1 urn. 

5 

6. The micropump according to claim 1 or 2, characterized by a 
conductive diaphragm (37") for each fluid-tight chamber (32") . 

7. The micropump according to claim 6, characterized in that 
10 each said diaphragm (37") comprises a respective electrode 

having a preferential melting point near an inlet (36") of a 
respective fluid-tight chamber (32") . 

8. The micropump according to any of claims 2 to 6, 
15 characterized by electrical-opening means (37, 38; 37' , 38'; 

43") for opening said diaphragm (35; 35' ; 37"). 

9. The micropump according to claim 8, characterized in that 
said electrical-opening means (37, 38; 37', 38'; 43") comprise 

20 at least one first electrode (37; 37' ) and, for each fluid- 
tight chamber (32; 32'; 32"), a respective second electrode 
(38; 38'), said diaphragm (35; 35') being arranged between 
said first electrode (37; 37') and a respective one of said 
second electrodes (38; 38') near an inlet (36) of each said 

25 fluid-tight chamber (32; 32'; 32"). 

10. The micropump according to claim 9, characterized by a 
first voltage source (43; 43'), connectable to said first 
electrode (37; 37') of said micropump (3; 3') and supplying a 

30 first voltage (Vi), and a second voltage source (45; 45'), 
selectively connectable to one of said second electrodes (38; 
38') of said micropump (3; 3') and supplying a second voltage 
(V 2 ) . 


35 11. The micropump according to claims 7 and 8, characterized 
in that said electrical-opening means (43") comprises a 
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current source (43") , selectively connectable to one of said 
electrodes and supplying a current (I) that melts said 
electrodes (37") . 

5 12. A Process for manufacturing a vacuum micropump, comprising 
. the steps of : 

- forming cavities (32) in a substrate (61) of a wafer (60) of 
semiconductor material; and 

- sealing said cavities (32) at a preset pressure. 

10 

13. The process according to claim 12, wherein said step of 
forming cavities (32) comprises the steps of: 

- forming, on top of said substrate (61), a mask (62) having 
sets of openings; 

15 - etching said substrate (61) through said sets of openings 
(65) ; 

- coating exposed portions of said mask with a first layer 
(68) of said semiconductor material; and 

- thermally oxidizing said first layer so as to close said 
20 first sets of openings (65) . 

14. The process according to claim 13, comprising the steps 
of: 

- growing an epitaxial layer (72) on said mask (62); 

25 - depositing at least one conductive line (37) on top of said 
epitaxial layer (72) ; and 

- etching said conductive line (37) and said epitaxial layer 
(72) until said cavities (32) are reached. 

30 15. The process according to any of claims 11 to 14, wherein 
said step of sealing comprises depositing a second layer (32) 
of dielectric material at controlled pressure. 

16. The process according to claim 15, wherein said second 
35 layer (32) is of silicon dioxide. 


- 15 - 


17. The process according to claim 15 or claim 16, in which 
said second layer (32) has a thickness not greater than 1 |im. 

18. A micropump, substantially as described with reference to 

5 the attached figures. 

On behalf of STMICROELECTRONICS S.r.l. 
Signed: Elena CERBARO 
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